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ABSTRACT: The Himalayan glaciers are the water towers of Asia, and the source of many of the world's 

great rivers. Over a billion people depend directly on the Himalayas for their survival on this most fragile 

mountain landscape. Climate change in the Himalayas poses a serious threat to the source of these great rivers 

with dire and far-reaching impacts on biodiversity, food, water and energy security. Melting glaciers pose threat 

in the form of Glacial Lake Outburst Floods or GLOFs. This poses direct threat to all Himalayan communities 

risking their existence in the region. While such uncertainties have deeply impacted the lives of Himalayan 

communities, yet such vulnerable communities have responded by a show of tremendous resilience in the form 

of adaptive coping strategies and fall back mechanisms in the form of  new farming methods and agricultural 

techniques as well as forest cultivation measures as exhibited by different communities in Uttarakhand and 

Himachal Pradesh respectively. 

1.1 INTRODUCTION 

The Himalayas is one of the world's most sensitive and vulnerable regions facing rapid global climate change. 

Little is known in detail about the vulnerability of mountain ecosystems to climate change. Intuitively it seems 

plausible that these regions, where small changes in temperature can turn ice and snow to water, and where 

extreme slopes lead to rapid changes in climatic zones over small distances, will show marked impacts in terms 

of biodiversity, water availability, agriculture, and hazards that will have an impact on general human wellbeing 

(ICIMOD, 2009). But the nature of the mountains – fragile and poorly accessible landscapes with sparsely 

scattered settlements and poor infrastructure need more attention than other areas as far as the challenge of 

climate change is concerned. 
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The impacts of climate change in the Himalayas are real. Melting glaciers, erratic and unpredictable weather 

conditions, changing rainfall patterns, and increasing temperatures are impacting on the people and wildlife of 

the region. The Himalayan glaciers are the water towers of Asia, and the source of many of the world's great 

rivers: The Yangtze, the Ganges, the Indus and the Mekong. Over a billion people depend directly on the 

Himalayas for their survival, with over 500 million people in South Asia, and another 450 million in China 

completely reliant on the health of this fragile mountain landscape. Climate change in the Himalayas poses a 

serious threat to the source of these great rivers with dire and far-reaching impacts on biodiversity, food, water 

and energy security. Melting glaciers pose threat in the form of Glacial Lake Outburst Floods or GLOFs. This 

poses direct threat to all Himalayan communities risking their existence in the region. Vulnerable nations must 

therefore move rapidly to build resilience to these impacts and adapt to the changing climate (WWF, 2006). 

Despite the challenges, there are possibilities for addressing the problems that will arise as a result of climate 

change and assisting communities to adapt and mitigate the impacts. It will also be important to exploit the 

opportunities emerging from climate change, for example growing crops at higher altitudes. The key is to 

consider the ground reality and develop specific strategies that acknowledge or build upon existing autonomous 

adaptation strategies and counter climate-related risks. The present paper has been thus designed to focus upon 

the various responses taken up by the Himalayan communities in the form of different adaptive strategies and 

fall-back mechanism to counter the challenges posed by climate change. The paper has concentrated on the 

community perception of climate change and the corresponding response mechanism with the help of different 

Himalayan case studies in the backdrop of the impacts generated by climate change in the Himalayan Region. 

 

1.2 MATERIALS AND METHODS 

This is a research paper that provides a comparative assessment of the perception of climate change and the 

community response to deal with the same, one in Uttarakhand and one in Himachal Pradesh. This is an 

endeavour to present a commentary on the perception and response of two different areas within the Himalayan 

region battling a similar challenge i.e. climate change. It is a compiled study and hence secondary data has been 

analysed from the following secondary data sources: 

1. IPCC 

2. ICIMOD 

3. WWF 

4. TERI 

5. MoEF  

6. UNEP 

7. Books, journals, newspapers, internet, etc. 
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The paper has attempted to discuss some available evidence on possible climate change, however, conceptually 

the primary focus of the study was to understand the community’s perception of the climate change and finally 

highlight upon the community response to such climate change (Fig 1).  

 

Figure 1: Conceptualisation 

 

 

 

 

 

 

 

 

 

The paper has been divided into two sections: 

(1) Possible Evidences of Himalayan Climate Change 

(2) Community Perception and Response to Himalayan Climate Change 

 

1.3 STUDY AREA 

The first case study was undertaken by ICIMOD in two districts of Uttarakhand i.e. Almora and Tehri Garhwal. 

Both these two locations were considered vulnerable to climate change by experts. 

 

The second case study was undertaken in the state of Himachal Pradesh and centred around Solan district. 
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     Figure 2: Map of Uttarakhand                               Figure 3: Map of Himachal Pradesh 

Source: mapsofindia.com 

 

1.5 POSSIBLE EVIDENCES OF HIMALAYAN CLIMATE CHANGE 

1.5.1 INCREASE IN TEMPERATURES 

Various studies suggest that warming in the Himalayas has been much greater than the global average of 0.74 

˚C over the last 100 years ( Du et al., 2004). For example, warming in Nepal was 0.6 ˚C per decade between 

1977 and 2000 as shown in Table 1. 

 

 

Table 1: Temperature Trends in Nepal (1977-2000) in Degree Celsius 

Source: ICIMOD, 2009 

The following table shows some trends in winter air temperature in North Western Himalayas in the last three 

decades. In majority of the stations + mark reveals increasing trends while in others temperatures have fallen 

than before. Therefore climatic variability in the last three decades can easily be seen in Himalayas. 

Region    Seasonal    Annual  

  Winter  Pre-

monsoon  

Monsoon  Post-monsoon    

  (Dec–

Feb)  

(Mar– 

May)  

(Jun–

Sep)  

(Oct– Nov)  (Jan–Dec)  

Trans-Himalayas  0.12 0.01 0.11 0.1 0.09 

Himalayas  0.09 0.05 0.06 0.08 0.06 

Middle Mountains  0.06 0.05 0.06 0.09 0.08 

Siwaliks  0.02 0.01 0.02 0.08 0.04 

Terai  0.01 0 0.01 0.07 0.04 

All Nepal 0.06 0.03 0.051 0.08 0.06 
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Table 2: Linear Trends in Monthly Air Temperatures during Winters in Last Three Decades 

 

 

Note: + Increasing Trend    - Decreasing Trend 

Source: Bhutiyani, 2010 

1.5.2 VARIABILITY IN PRECIPITATION 

In the Himalayan region, both increasing and decreasing trends have been detected. Increasing trends are found 

on the Tibetan Plateau in the north-east region (Zhao et al., 2004) and eastern and central parts (Xu et al., 2007), 

while the western Tibetan region exhibits a decreasing trend; northern Pakistan also has an increasing trend 

(Farooq and Khan, 2004); Some areas have also witnessed changes as far as form of precipitation is concerned 

and in most cases snowfall has replaced rainfall. There is a major need for more research on Himalayan 

precipitation processes, as most studies have excluded the Himalayan region due to the region’s extreme, 

complex topography and lack of adequate rain-gauge data (Shrestha et al., 2000). 

 

 

Station 

Altitude (in 

Metres) Data Span Months 

      Nov Dec Jan Feb Mar Apr 

Bahang 2192 

1997-98 to 2004-

05 +   + +   + +   + 

Kanzalwan 2440 

1996-97 to 2004-

05  +  +  +  +  +  + 

Solan 2480 

1996-97 to 2004-

06  +  -  -  -  +  + 

Gulmerg 2800 

1996-97 to 2004-

07  +  -  -  +  +  + 

Dhundi 3050 

1996-97 to 2004-

08  +  +  -  -  +  - 

Haddan 

Taj 3080 

1996-97 to 2004-

09  +  +  -  -  +  + 

Patsco 3800 

1996-97 to 2004-

10  + +   - +   - -  
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Table 3: Rainfall Variability at Gangotri (in mms) 

Source: IPCC.org 

1.5.3 GLACIAL RETREAT 

Himalayan glaciers are receding faster today than the world average (Dyurgerov and Meier, 2005) (Table 4). In 

the last half of the 20th Century, 82% of the glaciers in western China have retreated (Liu et al. 2006). On the 

Tibetan Plateau, the glacial area has decreased by 4.5% over the last twenty years and by 7% over the last forty 

years (CNCCC, 2007), indicating an increased retreat rate (Ren et al., 2003). Glacier retreat in the Himalayas 

results from “precipitation decrease in combination with temperature increase. The glacier shrinkage will speed 

up if the climatic warming and drying continues” (Ren et al., 2003). 

 

 

 

 

 

 

 

Year  May  June  July  August  September  October  

2000 14.1 147.9 78.2 61.2 20.9 322.3 

2001 17.5 37.5 27.4 36.1 12.9 131.4 

2002 5.9 5.2 7.5 114.1 235.7 368.8 

2003 10.4 33.9 67.7 62.1 38.2 215.5 

2004 6 16.1 23.5 88.5 59.3 24.1 

2005 34.9 18.2 160.7 23.9 142.8 0 

2006 0 27.5 75 85.9 14.7 5.0 

2007 37.1 16.8 48.7 44.2 83.6 2.2 
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Table 4: Recession of Glaciers (India) 

Glacier   Period   Retreat of  snout in 

metres 

Average retreat  of 

glacier (in mt/yr) 

Triloknath Glacier 

(Himachal 

Pradesh)  

1969 to 1995  400  15.4  

Pindari Glacier 

(Uttarakhand)  

1845 to 1966  2,840  23.5  

Milam Glacier 

(Uttarakhand)  

1909 to 1984  990  13.2  

Ponting Glacier 

(Uttarakhand)  

1906 to 1957  262  5.1  

Chota Shigri 

Glacier (Himachal 

Pradesh)  

1986 to 1995  60  6.7  

Bara Shigri Glacier 

(Himachal Pradesh) 

  

1977 to 1995  650  36.1  

Gangotri Glacier 

(Uttarakhand)  

1977 to 1990  364  28.0  

Gangotri Glacier 

(Uttarakhand)  

1985 to 2001  368  23.0  

Zemu Glacier 

(Sikkim)  

1977 to 1984  194  27.7  

Source: IPCC.org  

The receding and thinning of Himalayan glaciers can be attributed primarily to the global warming due to 

increase in anthropogenic emission of greenhouse gases. The relatively high population density near these 

glaciers and consequent deforestation and land-use changes have also adversely affected these glaciers. The 

30.2 km long Gangotri glacier has been receding alarmingly in recent years (Fig 4 ). Between 1842 and 1935, 

the glacier was receding at an average of 7.3 m every year; the average rate of recession between 1985 and 2001 

is about 23 m per year (Negi, 2012). 
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Figure 4: Recession of Gangotri Glacier 

 

 

 

 

 

 

Source: IPCC.org [Composite satellite image showing how the Gangotri Glacier terminus has retracted since 

1780 (courtesy of NASA EROS Data Center, 9 September 2001)]  

 

The current trends of glacial melts suggest that the Ganga, Indus, Brahmaputra and other rivers that criss-cross 

the northern Indian plain could likely become seasonal rivers in the near future as a consequence of climate 

change and could likely affect the economies in the region.  

Retreat in glaciers can destabilise surrounding slopes and may give rise to catastrophic landslides (Ballantyne 

and Benn, 1994; Dadson and Church, 2005), which can dam streams and sometimes lead to outbreak floods. 

Excessive melt waters, often in combination with liquid precipitation, may trigger flash floods or debris flows. 

In the Karakoram, there is growing evidence that catastrophic rockslides have a substantial influence on glaciers 

and may have triggered glacial surges (Hewitt, 2005). 

 

1.6 COMMUNITY PERCEPTION AND RESPONSE TO CLIMATE CHANGE 

Mountain communities are often marginalised from political influence and economic opportunities and 

generally face high levels of poverty. The ecosystems they dwell in are among the earth’s most sensitive. 

Himalayan ecosystems and its people are exposed to multiple drivers of change including globalisation, 

economic policies and increasing pressure on land resources resulting from economic growth and changes in 

population and lifestyle. Climate change is expected to place additional stress on these already challenged 

ecosystems and livelihoods (ICIMOD, 2011). 

The present paper has discussed two case studies which throws light on the overall perception of Himalayan 

people about climate change. The first is a ICIMOD study undertaken in Uttarakhand in the two districts of 

Almora and Tehri Garhwal which has attempted to focus upon the community perception and response to 

climate change primarily from the perspective of livelihood change. The second study is a case study of 

Himachal Pradesh where the community is adapting to climate change in a forest-based land use system as the 
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whole state relies heavily on the forest based industries. Both the studies reveal that communities perceive 

climate change both as a threat and challenge. Climate change is perceived by the people of the region to be 

consequence of excessive human activity and its impact on natural resources and most importantly to climatic 

variations. The people of the region also associate climate change with floods, landslides, increases in 

temperature, land degradation, the drying of water sources, pest outbreaks and food shortages, with the melting 

of snow and shrinking and retreating of glaciers as most disastrous impacts (ICIMOD, 2011). 

1.6.1 CASE STUDY OF UTTARAKHAND 

Uttarakhand is a hill state of India and is a very fragile state as it is more often than not is plagued by 

environmental disasters such as floods, landslides, earthquakes, etc. Majority of the people are dependent either 

on agriculture or tourism for their livelihood. Climate researchers have studied climate variability in this region 

but it is the local community that provides the actual scenario of change. 

1.6.1.1 Community Perception of Climate Change 

Regardless of the socioeconomic status of the households, water was seen as the most important resource 

required in agriculture. Given that arable land, and especially irrigated land, is a scarce resource in mountains, it 

is not surprising that in a society characterised by caste and class differentiation, the proportion of poor 

households with access to irrigated land was extremely low. Farmers without irrigated land depend solely on 

annual rains. In the past, some communities had adapted their agricultural activities to make use of the small 

amounts of rainfall falling in the non-monsoon months, but according to the communities, this phenomenon had 

now ceased almost completely. The winter precipitation is crucial for recharging groundwater. Some springs 

had dried up completely, affecting the availability of water for people, livestock, and irrigation. Overall rainfall 

was thought to have declined, but at the same time, there were more periods of high intensity rainfall, which can 

lead to floods, landslides, and soil erosion, as well as being associated with high surface run-off and limited 

infiltration of water to underground aquifers. The major observations are summarised in Table 5 and discussed 

in the following. Winter precipitation has become extremely erratic and unpredictable. Instead of winter rains, 

some communities reported that it now rained in March/April when the winter crop is ready for harvest, causing 

the cereals to rot. Villages at high altitude used to have moderate to heavy snowfall in December to March, with 

up to 1 metre (several feet) of snow that would lie for a long time. Currently, it only snows for 1 to 2 months 

and with low intensity. It has not snowed in Almora for 3 to 4 years. Medium altitude villages that were 

accustomed to moderate to low snowfall now receive very little, if any (ICIMOD, 2011).  

 

 

 

 

 

 

 

 

http://www.jetir.org/


© 2022 JETIR October 2022, Volume 9, Issue 10                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2210468 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e469 
 

Table 5: Perceptions of Change in Uttarakhand 

Aspect of Change Almora Tehri Garhwal 

Annual precipitation Significant reduction in duration; 

severe decline in amount; erratic, 

more intense events 

Extreme reduction in duration; 

severe decline in amount; erratic, 

more intense events 

Monsoon   Significant delay in onset and early 

completion   

Significant delay in onset and early 

completion 

Winter precipitation erratic and unpredictable; severe 

reduction in snowfall (complete 

absence over the past 3–4 years  

Severe reduction in amount and 

delay in onset; erratic and 

unpredictable: high reduction in 

snowfall (now almost non-existent) 

Dry Season  Severe extension of duration; high 

increase in intensity 

Severe extension in duration; high 

increase in intensity 

   
Temperature  Higher in winter and summer; 

more warm months  

Higher in winter and summer; more 

warm months 

Frost   Decline in duration and intensity   Decline in duration and intensity   

Hailstorms Decrease in incidence   Decrease in incidence  

Crop Disease and 

Pests 

Unprecedented increase Unprecedented increase 

Source: ICIMOD, 2011 

 

Snowmelt used to be an important source of water for agriculture as it extends the availability of water from 

precipitation for long after the precipitation event. The dry season has become longer, in line with the lack of 

precipitation. In 2006/07 and 2008/09 there was almost no winter rain and farmers in Uttarakhand experienced 

drought-like conditions. This could explain the strong perception of the communities that dry spells that usually 

lasted less than 2 months had now extended to more than 7 (Tehri) or 8 (Almora) months long. Farmers also 

attributed an increase in incidence of forest fires to the prolonged dry spells; fires are degrading the forests near 

villages and preventing natural regeneration by damaging the germination and growth of seedlings. There was a 

significant perception that the temperature had increased with warmer summers and milder winters. People in 

all the communities studied felt that the warm season had been prolonged by several months and observed an 

overall increase in the intensity and frequency of hot days. The communities perceived the following impacts 

emanating from climate change in their region: 

 

(1) Impacts of Change on Livelihoods and Community Wellbeing 

The communities ranked prolonged dry spells and increase in temperature as having the most significant 

negative impact on their livelihoods. Increased attacks by insects and pests, forest fires, and landslides were 

identified as the major weather-induced hazards. Positive impacts associated with changes in weather patterns 

included a decline in the duration and intensity of frost, less damage by hailstorms, and, in some communities, 

an overall decrease in the frequency and intensity of storms. Agriculture is dependent on a proper combination 

of weather and associated factors, and is thus highly vulnerable to climate change – any slight change can have 
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a severe impact on the yield of staple and cash crops. The reduction in harvests greatly impacts food security 

and the ultimate source of income for these households. (Hunzai et al. 2011). 

 

(2) Affects on harvest 

Lack of sufficient water immediately decreases the agricultural harvest. Similarly, the timing of rainfall is 

important – a delay in the monsoon forces farmers to delay the sowing of rice, especially on rain-fed fields, and 

the yield declines considerably. Conversely, incidences of intense rainfall erode the nutritious topsoil, causes 

landslides that destroy farmland, interrupt roads and thus access to markets, and lead to loss of life and property. 

Changes in precipitation can also affect the incidence of pests. Farmers reported a significant increase in 

kurmula (white grub) over the past 5 to 7 years, damaging major cash crops such as potato, other tubers, kidney 

beans, pulses, and vegetables, and reducing cash income. Lack of snow was thought to be the cause because 

heavy snowfall kills the eggs; warmer temperatures might also be conducive to the growth of this pest. As 

harvests fail, communities are becoming dependent on external markets. Previously, households could rely on 

two types of cereals to fulfil their basic needs for at least 11 months of the year, but now some respondents said 

that they only had enough food to last for 2 to 3 months of the year. However, this should not only be attributed 

to climate change. A new phenomenon observed in Uttarakhand was double flowering of apple and Malta 

orange trees, leading to two harvests in a year. This adversely affected fruit quality; fruits were smaller and less 

tasty (and not fit for sale).  

 

(3) Affect on Health and nutrition 

Occurrence of disease and illness is perceived to have increased. Common ailments include colds, fever, 

jaundice, typhoid, and kidney stones. Elders believe that the warmer temperature is conducive to germs. Unused 

to purchasing market food, communities do not trust bought grain and suspect that chemicals used in the 

production process could also be causing illness. Traditional knowledge of medicinal herbs to treat sickness is 

fading, and the plants are also being lost as a result of forest degradation and overexploitation. The drying up of 

springs adds pressure to the remaining springs and this could be leading to water pollution, explaining the 

increase in water-borne diseases. Women suffer the most when households lack adequate quantities of food – 

they consume food after serving the men and children and might have to sleep hungry.  
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1.6.1.1 Community-Based Responses to Change 

Mountain agriculture has traditionally been highly dynamic, with farmers continuously having to adjust to 

extreme environmental and climatic conditions over time. However, farmers have been unable to adjust 

agricultural processes to the fast pace of change in weather patterns experienced in recent years. They are 

mainly adopting short-term measures to cope with climate stresses; adaptive measures are difficult to introduce 

in agriculture without extensive financial and physical resources. The main responses to climate and 

socioeconomic change in the study area are summarised in Table 6 and discussed in more detail in the following 

paragraphs. 

Table 6: Community Response to Perceived Change in Uttarakhand 

Perceived change Experienced impact on 

livelihood systems 

Response 

Erratic precipitation Decline in agricultural 

productivity  

Changes to agricultural calendar: delayed 

or early sowing and harvesting of crops 

Changes in crop varieties and types 

Increased engagement in wage labour  

Labour migration 

Crop failure Re-sowing of crops Buying food from 

market 

Reduced meals 

Barter 

Overall decreased water 

availability 

Less flow in springs and 

streams; drying up of 

springs; lowering of 

groundwater levels 

Re-adoption of traditional water 

management systems  

Catchment area protection  

Replacing large livestock with smaller 

species  

Less land area under cultivation 

Walking longer distances to fetch water 

Reduced soil moisture Mulching 

Decline in agricultural 

productivity 

As above 

Decreased or absent 

winter rains 

Decreased yield from 

winter crops (decline in 

agricultural productivity) 

As above 

Increased frequency of 

intense rainfall events 

Soil erosion and 

landslides 

Watershed management: afforestation 

Increase in pests and 

Disease 

Reduced production Traditional pest management strategies 

(spreading cow urine salt or ashes; crop 

rotation; setting fields on fire)  

Setting up ‘kurmula’ (white grub) traps 

Increased use of pesticides 

Increasing Temperatures Health issues (increased 

incidence of vector-borne 

diseases) 

Use of medicinal plants if available 

Increased reliance on western medicine 

 

 

 

Contd.... Beneficial conditions for 

crops 

More than one or shorter cropping cycle 

 Introduction of new crops at higher 

altitudes (e.g. peanuts mango banana) 

Double flowering of 

orange and apple trees 

diminishing fruit quality 

None 

Warmer and shorter 

winters with less 

Beneficial conditions for 

certain crops 

As above 
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Source: ICIMOD, 2011 

 

(1) Responses to erratic rainfall and reduced water availability 

In response to erratic rainfall patterns, farmers were adjusting their agricultural calendar on a yearly basis by 

delaying or advancing the sowing of rice and other crops that depend on the monsoon precipitation. Winter 

crops such as potatoes and wheat were also planted earlier or later in some places depending on the arrival of 

the winter rains. Farmers reported that in 2009/10 they had planted their winter crops up to 30 days late in 

expectation of rain. As a result, the harvesting of these crops also had to be delayed to allow for maturing. 

When there was an early season crop failure because of inadequate rainfall, households that could afford a 

second batch of seeds either re-sowed the crop or replaced it. Rice was replaced with soybean, mustard, pulses, 

or madira (fodder grass); maize with soybean or vegetables; and mandua (millet) with pulses, soybean, or 

potato. Following the lack of rainfall and prolonged dry spells, this traditional rotational irrigation system has 

now been revived. The system fulfils everyone’s needs and eliminates conflict over shared water. Another 

response to decreased water availability was protection of catchment areas by planting oak trees around spring 

catchments near villages. Also improved seeds of numerous vegetables such as eggplant, tomato, and capsicum, 

which are tolerant to water stress and germinate well giving a high yield despite dry conditions and lack of 

water were used. Unfortunately, other seeds provided for millets, pulses, and beans gave only mediocre results. 

The same project also provided Aloe vera plants, which thrive in arid and semi-arid conditions. 

 

(2) Living with rising temperatures 

As a result of rising temperatures, potatoes were found to mature faster and could be harvested in 3 to 3.5 

months instead of the traditional 5 to 6 months. This additional time offers new opportunities to farmers and 

was successfully used to grow cauliflower and peas as cash crops for a higher income. Other new crops 

introduced included ginger and turmeric, both because they withstand water and temperature stress better, and 

because they are popular cash crops which fetch a good price in the market.  

 

(3) Combating the increased incidence of pests and disease 

Traditionally, ash, cow urine, and salt have been used as pesticides but their effectiveness appears to be 

decreasing as illustrated by the drastic increase in pests. Fires are lit post-harvest to kill insects and pests but can 

also kill earthworms and other micro-organisms beneficial to the soil. Chemical pesticides have been more 

effective in reducing crop pests and damage, but according to the farmers, their effectiveness is also reduced 

after 2 to 3 years of use. This has also led to increasing costs on account of use of pesticides. 

snowfall Increased incidence of 

pests and disease 

As above  

Reduction in available 

Workforce 

Increased workload for 

those left behind 

Less land under cultivation 

 Move from big ruminants to smaller 

livestock 

http://www.jetir.org/


© 2022 JETIR October 2022, Volume 9, Issue 10                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2210468 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e473 
 

(4) Dealing with environmental and socioeconomic change 

Cornhusks and leaves are being used as alternative fuels to reduce the hard work of collecting fuelwood as this 

resource becomes increasingly scarce. Farmers reported that medicinal plants were also rarer, possibly as a 

result of a combination of overexploitation and forest degradation, and thus people have become more 

dependent on more costly western medicine. Changes in livestock composition had also been made in order to 

cope with fodder and water scarcity and the reduced workforce resulting from the high levels of outmigration. 

At the same time, the tourist season appears to have lengthened with the lengthening of the summer in the 

Uttarakhand mountain areas, providing more income-generating opportunities. Young people in particular are 

shifting to non-farm activities – roadside eateries near tourist circuits, taxi driving, and other small businesses – 

disillusioned by agriculture and attaching little value to it. This phenomenon appears to be mainly due to 

changes in norms and values, but climate change is an aggravating factor.  

 

1.6.2 CASE STUDY OF HIMACHAL PRADESH 

 

The population of Himachal Pradesh as per the Census of India, 2011 is 6.86 million, with a decadal growth 

rate of 12.81 %. Around 90 % of the total population lives in rural areas and consequently people are highly 

dependent upon forests for their livelihoods (Gouri et al. 2004). Local communities depend on forests for 

fuelwood, fodder, grazing, non-timber forest products and construction timber through Timber Distribution 

(TD) rights. There has been an ever increasing pressure on the forest resources due to the rising population on 

one hand as well as limited and fragmented agricultural land on the other. 

Palaeecological evidence lends credence to the thesis that prolonged fluctuations in climate eventually produce 

a change in vegetation distribution. The earliest warm peak of the last interglacial period was perhaps 2-3oC 

warmer in the mid to high latitudes than today and deciduous forests extended towards non-deciduous species 

(Flohn, 1980). The next section entails the observed and perceived impacts of climate change in the forested 

areas of Himachal Pradesh. 

1.6.2.1 Community Perception of Climate Change  

(1) Effect on Plant Physiology 

Climate change leads to an increased concentration of carbon dioxide (CO2) leading to increase in temperature 

and precipitation, all of which can affect plant physiology and hence the structure and spatial patterns of forests. 

Plant physiology gets affected in the following ways: 

 Increase in photosynthetic rates and increased plant growth 

 Increasing temperatures cause increase in respiration rates and enhanced plant growth 
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(2) Effect on Water Use Efficiency -Increased levels of CO2 may have the effect of causing partial closure of 

stomata in many plant species resulting in reduced transpiration and also photosynthesis. Locals opined that 

they have observed an increase in leaf area which can lead to increased loss of moisture. Experts studied that 

increased transpiration has also reduced benefits of improved water use efficiency. 

(3) Ecological Processes - Locals have observed an unusual early flowering of trees and unseasonal ripening of 

fruits. Growth of apples, pears and new fruits such as kiwis ripen earlier than usual which can be attributed to 

climate variability in the last few years. 

(4) Pest Outbreaks and Disease - Communities unequivocally felt that climate change has led to an increase in 

the incidence of pest outbreaks. Incidences of locust outbreaks occur when droughts are followed by heavy rain. 

The dry season reduces the number of locust predators and when the rains arrive the locust eggs develop into 

adult faster than the predators so that the latter cannot control numbers in the former. 

(5) Incidences of Fire - Locals experienced more forest fires in the last few years and they attribute it to 

increasing temperatures. They feel drier weather upsets the water balance and leads to increased frequency of 

fires. 

1.6.2.2 Community-Based Response to Climate Change 

Following general principles of sustainable adaptation provide a good base for community based response to 

climatic changes. However, in a place like Himachal Pradesh is such that the pressure on forest lands makes it 

difficult to adapt successfully. The establishment of undisturbed reserves has been attempted many times but 

has not succeeded (Deshingkar, et.al., 1997). Some of the response strategies seen in the state were: 

(1) Forest management and participation of local communities - Joint forest management aims to increase 

the effectiveness of the protection by giving local people a stake in forest regeneration. For this Village 

Management committees have been set up and benefit sharing arrangements have been made. 

(2) Selection of Climate Proof Species - Since the forest based communities have realised that natural 

regeneration of forests is not taking place due to climate change and exploitation of forests, they have resorted 

to a selection of species for agriculture that can adapt to a wide range of temperature and moisture which can 

prove economically beneficial in the long run. 

(3) Use of Genetic Strategies - Intra-specific variations are known to exist in many species with wide 

geographic ranges. The communities are now planting trees which are in accordance with these genetic 

variations that were previously very poorly understood. People are also understanding the level of climate 

tolerance of each specie for purposes of conservation. 
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A particular study in Solan reveals such response strategies to combat climate change. The forests of the 

division are pure and mixed stands of chir pine. Seven land use categories were identified namely, chir pine 

(Pinus roxburghii) forest, broadleaved forest, bamboo (Dendrocalamus strictus) forest, ban oak (Quercus 

leucotrichophora) forest, khair (Acacia catechu) forest, culturable blank and cultivation. The area under chir 

pine, cultivation and khair forests increased by 191 ha (4.55 %), 129 ha (13.81 %) and 77 ha (23.40 %), whereas 

the area under ban oak, broadleaved, culturable blank and bamboo decreased by 181 ha (16.58 %), 152 ha 

(6.30 %), 71 ha (2.72 %) and 7 ha (0.47 %), respectively as shown in Table 7. 

Table 7: Percentage Change in Land Use from 1998 to 2010 

Category 

Area under Land Use 

(ha) 

% 

Change 

  1998 2010   

Cultivation 934 1063 129 (+) 

Culturable 

Blank 2608 2537 71 (-) 

Forest Land Use       

Chir Pine 4200 4391 191 (+) 

Ban Oak 1092 911 181 (-) 

Broad Leaved 2413 2261 152 (-) 

Khair 329 406 77 (+) 

Bamboo 1491 1498 7 (-) 

                            Source: Shah, et.al, 2015 

The study revealed a decrease in the area under forest and culturable blank categories and a simultaneous 

increase in the area under cultivation primarily due to the large scale introduction of horticultural cash crops in 

the state. The composition of forests also exhibited some major changes, with an increase in the area of 

commercially important monoculture plantation species such as pine and khair, and a decline in the area of oak, 

broadleaved and bamboo which are facing a high anthropogenic pressure in meeting the livelihood demands of 

forest dependent communities. In time deforestation, forest degradation and ecological imbalances due to the 

changing forest species composition may inflict irreversible damages upon unstable and fragile mountain zones 

such as the Indian Himalayas. The associated common property externalities involved at local, regional and 

global scales, necessitate the monitoring of land use dynamics across forested landscapes in developing future 

strategies and policies concerning agricultural diversification, natural forest conservation and monoculture tree 

plantations. 

The land use classification showed a decrease in the area under both forest and culturable blank, and an increase 

in the area under cultivation. Within the forest land use category, chirpine and khair showed an increase in area, 

while ban oak, broadleaved and bamboo decreased in area over 1998–2010 period. Both chir pine and khair 

have been the primary plantation species of the state, where the focus has revolved more around commercially 

important species rather than ecologically valuable ones. An increase in the area of chir pine over the period 
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1998–2010 may be attributed to an increase in the area under plantations of chir pine. Also profuse regeneration 

under chir pine forests was observed during ground surveys of the study area. An increase in the area of khair 

may also be attributable to an increase in the area under plantations of khair which are a commercial source of 

kattha and cutch. (Planning Commission, 2005). This means while there is a decrease in the area of ban oak 

owing to heavy anthropogenic pressure and lack of regeneration, communities have replaced these varieties 

with economically viable species.  

 

1.7 CONCLUSION 

Any assessment of perceived changes to climate related changes and the follow-up action should keep in mind 

that climate change may not be the sole component causing impacts of the nature discussed above, however, it 

may be considered as one of the most important agents of change. In the present study, people from both the 

regions believed that climate was changing and most importantly, it has become unpredictable than before. This 

kind of unpredictability poses the greatest threat to any adaptation process or fall-back mechanism.  

 

To conclude, it may be pertinent to mention that many responses outlined above were coping strategies which 

are temporary measures and are not sustainable in the long run. However, the community needs to have some 

permanent solutions to the climate change mechanism in the form of sustainable adaptation mechanism to tide 

over their vulnerability of livelihoods, assets and above all, their existence. ICIMOD has outlined the following 

approaches in Support of Adaptation: 

 Planning for climate uncertainty 

 Reducing poverty and social inequality 

 Raising awareness 

 Moving from coping to adaptation  

 Supporting livelihood diversification to spread risk 

 Conducive policies, institutions, and processes for enhancing the adaptive capacity of mountain 

communities 

 Improved delivery mechanisms for support services 
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